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(54) Bipolar transistor and fabrication method thereof 



(57) A semiconductor device including a bipolar 
transistor is provided, which can reduce the base resist- 
ance of tiie transistor. This device includes a semicon- 
ductor substructure having a first semiconductor active 
region of a first conductivity type In its inside. A first 
insulating layer is formed on the main surface of the 
substructure to cover the first active region. The first 
insulating layer has a first penetrating window exposing 
the first active region. A semiconductor contact region 
of a second conductivity type is formed on the first insu* 
lating layer. The contact region has an overhanging part 
which overhangs the first window. The second window 
is defined by the inner end of the overhanging part to be 



entirely overlapped with the first window. The contact 
region is made of a polycrystalline semiconductor. A 
second semiconductor active region of the second con- 
ductivity type is formed on the first active region in the 
first window. A semicorxluctor connection region of the 
second conductivity type is formed in the first window to 
surround the second active region. The connection 
region is contacted with tiie overhanging part of the con- 
tact region and the second active region, thereby elec- 
trically interconnecting the second active region with the 
contact region. The connection region is made of a poly- 
crystalline semiconductor. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention s 

The present invention relates to a semiconductor 
device and more particularly, to a semiconductor device 
including a bipolar transistor whose base resistance Is 
reduced, and a fabrication method of the device. io 

2. Description of tfie Prior Art 

A conventional semiconductor device of this sort is 
shown in Rg. 1 . which was disclosed in the Japanese is 
Non-Examined Patent Publication No. 4-330730 pub- 
lished in November 1992. Although this device includes 
a plurality of bipolar transistors, only one of the plurality 
of bipolar transistors is shown here for the sake of sim- 
plification of description. 20 

As shown in Rg. 1 , this semiconductor device has a 
semiconductor substructure 11 00 at which an npn bipo- 
lar transistor is formed. The sut>structure 1 100 includes 
a p'-type single-crystal silicon substrate 1 001. and an n' 
-type single-crystal silicon epitaxial layer formed on the 25 
main surface of the substrate 1001 . 

The epitaxial layer is partitioned by a patterned Iso- 
lation insulating layer 1004 made of silicon dioxide 
(Si02). thereby forming a device-forming region in 
which the bipolar transistor is formed. The isolation 30 
Si02 layer 1004 is formed by using the well-known 
LOcal Oxidation of Silicon (LOCOS) technique. 

The epitaxial layer is partitioned by the isolation 
Si02 layer 1004 to thereby form an n'-type collector 
region 1003 and an n'*'-type collector connection region 35 
1005. An n^-type buried region 1002 formed in the 
surface area of the sut>strate 1001 to laterally extend 
from the collector region 1003 to the collector connec- 
tion region 1005. 

The surface of the substructure 1100 is covered 40 
with a Si02 layer 1006 having windows 1 101 and 1 102. 
The window 1101 is located over the collector region 
1003 to partially expose the region 1003. The window 
1102 is located over the collector connection region 
1 005 to partially expose the region 1 005. 45 

A p'^-type polysilicon layer 1007 is selectively 
formed on the SiOa layer 1006 in the vicinity of the win- 
dow 1101- The layer 1007 has an overhanging part 
which laterally overhangs the window 1101, thereby 
forming a window 1103 to be entirely overlapped with so 
the window 1101. The overhanging part has a ring-like 
plan shape to extend along the contour of the window 
1001. 

Within the window 1101 of the Si02 layer 1006, a p- 
type single-crystal silicon base region 1019 is formed ss 
on the exposed area of the collector region 1003 by a 
selective epitaxial growth method. A p-type polysilicon 
layer 1020 is selectively formed on the base region 
1019. the top and. bottom of the layer 1020 are con-. 
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tacted with the base region 1019 and the polysilicon 
layer 1007. respectiv ly. The polysilicon layer 1020 has 
a ring-like plan shape and extends along the ring-like 
overiiariging part of th layer 1007. 

A Si02 sidewall 1014 and an n-type single-crystal 
silicon emitter region 1016 are formed on the base 
region 1019. The Si02 sidewall 1014 has a ring-like 
plan shape to extend along the ring-like polysilicon layer 
1020. The side face of the sidewall 1014 is contacted 
with the opposing side face of the layer 1020. The emit- 
ter region 1016 is surrounded by the sidewall 1014 to 
insulate the region 1016 from the polysilicon layer 1020. 

Within the window 1102 of the Si02 layer 1006. an 
n^-type polysilicon layer 1008 is formed to fill the win- 
dow 1 102. The layer 1 008 is contacted with the underly- 
ing collector connection region 1005. The layer 1008 
serves as a collector contact region. 

A silicon nitride {Si^^^i layer 1009 is selectively 
formed on the polysilicon layer 1007 to cover the layer 
1007 and the exposed Si02 layer 1006, The Si3N4 layer 
1 009 covers not only the upper surface of the layer 1 007 
but also the inner edge of the overhanging part of the 
layer 1007. The Si3N4 layer 1009 has base, emitter, and 
collector windows. 

A t>ase electrode 1017a is formed on the Si3N4 
layer 1009 to be contacted with the underlying polysili- 
con layer 1007 through the base window of the Si3N4 
layer 1009. An emitter electrode 1017b is formed on the 
Si3N4 layer 1009 to be contacted with the underlying 
emitter region 1016 through the emitter window of the 
Si3N4 layer 1009. A collector electrode 1017c is formed 
on the Si3N4 layer 1009 to be contacted with the under- 
tying polysilicon layer 1008 through the collector window 
of the Si3N4 layer 1009. The base, emitter, and collector 
electrodes 1 01 7a, 1 01 7b and 1 01 7c are made of an alu- 
minum alloy. 

TTie p-type polysilicon layer 1 020 and the p*-type 
polysilicon layer 1007 serve as a base contact region. 

With the conventional semiconductor device shown 
in Fig. 1, the p-type base region 1019 can be formed to 
have a small thickness by an epitaxial growth process 
under the control of the Si02 layer. Also, the n-type 
emitter region 1016 can be formed in self-alignment 
with the SIO2 sidewall 1014 and therefore, a part of the 
base region 1019 serving as the intrinsic base has a 
small size. Consequently, the npn bipolar transistor is 
capable of high-speed operation. 

The atx>ve-described conventional semicorKfuctor 
device is fabricated by the following process sequence. 

Rrst. the structure shown in Fig. 2A is prepared by 
using known processes. In this state, the Si3N4 layer 
1009 is selectively formed on the polysilicon layer 1007 
and the Si02 layer 1006. The Si3N4 layer 1009 covers 
the inner edge of overhanging part of the layer 

Next, using a selective epitaxial growth process 
such as the gas-source Molecular Beam Epitaxy (MBE). 
Ultra-High-Vacuum Chemical Vapor Deposition (UHV- 
CVD). Low-Pressure CVD (LPCVD). or the like, the p- 
type single-crystal silicon base region 1019 is grown 
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upward from the exposed surface of the collector region 
1003 in the window 1 101, as shown in Rg. 2B. During 
this growth process of the base region 1019, the p-type 
p lysillcon layer 1020 also grows downward from the 
bottom face of th overhanging part of the p-type poly- 
silicon layer 1007 toward the collector region 1003. 

This growth process is continued until the base 
region 1019 and the polysilicon layer 1020 are con- 
tacted with each other, as shown in Rg. 2C. 

Thereafter, the base, emitter, and collector elec- 
trodes 1017a, 1017b and 1017c are formed by known 
processes. 

Thus, the conventional semiconductor device as 
shown in Fig. 1 is obtained. 

With the conventional semiconductor device of Fig. 
1, the p-type single-crystal silicon base region 1019 is 
formed to cover the entire exposed surface of the collec- 
tor region 1003 within the window 1 101 of the SIO2 layer 
1 006. The t»ase region 1 01 9 is connected to the p'*^-type 
polysilicon layer 1007 serving as a base contact region 
through the p-typ)e polysilicon layer 1020 serving as a 
base connection region. 

On the other hand, the diffusion coefficient in poly- 
silicon is greater than that in single-crystal silicon 
Therefore, even if the doped polysilicon layer 1020 is 
contacted with the base region 1019, it is difficult that 
the p-type impurity doped into the layer 1020 is diffused 
into the base region 1019 during a subsequent heat- 
treatment process. 

As a result, the outer part of the base region 1019, 
which is opposite to the polysilicon layer 1020. has 
approximately the same high electric resistance as that 
of the inner part of the region 1019, which is opposite to 
the n-type single-crystal silicon emitter region 1016 and 
the Si02 sidewall 1014. This restrains high-speed oper- 
ation of the bipolar transistor. 

SUMMAI^ OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a semiconductor device in which the base 
resistance of a bipolar transistor can be reduced, and a 
fabrication method of the device. 

Another object of the present invention is to provide 
a semiconductor device which makes a bipolar transis- 
tor to operate at high speed, and a fabrication method of 
the device. 

The above objects together with others not specifi- 
cally mentioned will become clear to those skilled in the 
art from the following description. 

According to a first aspect of the present invention, 
a semiconductor device is provided, which includes a 
semiconductor substructure having a first semiconduc- 
tor active region of a first conductivity type in its inside. 
The first active region is exposed from a main surface of 
said substructure. 

A first insulating layer is formed on the main surface 
of the substructure to cover the first active region. The 
first insulating layer has a first penetrating window or 



opening which exposes the first activ region. 

A semiconductor contact region of a second con- 
ductivity type is formed on the first insulating layer. The 
contact region has a second penetrating window or 

5 opening whose size is smaller than that of the first win- 
dow. The contact region has an overhanging part which 
overhangs the first window. The second window is 
defined by the inner end of the overhanging part to be 
entirely overlapped with the first window. Tlie contact 

10 region is made of a polycrystalline semiconductor. 

A second semiconductor active region of the sec- 
ond conductivity type is formed on the first active region 
to be contacted therewith in the first window. 

A semiconductor connection region of the second 

75 conductivity type is formed in the first opening to sur- 
round the second active region. The connection region 
is contacted with the overhanging part of the contact 
region and the second active region, thereby electrically 
interconnecting the second active region with the con- 

20 tact region. The connection region is made of a poly- 
. crystalline semiconductor. 

It is preferred that the connection region is con-, 
tacted with the first active region, and a contact area of 
the first and second active regions is narrower than the 

25 area of the first window. This enables the Ngh-speed 
operation of the transistor. 

In a preferred embodiment of the first aspect, the 
semiconductor connection region includes first second, 
third, and fourth polycrystalline semiconductor layers. . 

30 The first, second, third, and fourth polycrystalline semi- 
conductor layers are preferably arranged in a direction 
perpendicular to the main surface of the substructure. 

The first, second, third, arxi fourth polycrystalline 
semiconductor layers are preferably made of polysili- 

35 oon. 

In another prefen-ed emtxxliment of the first aspect, 
a second insulating layer is additionally formed between 
the connection region and the first active region. The 
connection region is contacted with the second insulat- 
40 ing layer and is not contacted with the first active region. 

Preferably, the semiconductor connection region 
includes first, second, arxJ third polycrystalline semicon- 
ductor layers. The first polycrystalline semiconductor 
layer is contacted with the second active region, the 
45 third polycrystalline semiconductor layer is contacted 
with the contact region, and the second polycrystalline 
semiconductor layer is contacted with the first and sec- 
ond polycrystalline semiconductor layers. 

The first, second, and third polycrystalline semicon- 
50 ductor layers are preferably arranged in a direction par- 
allel to the main surtice of the substructure. 

It is preferred that the first and second polycrystal- 
line semiconductor layers are made of SiGe, and the 
third polycrystalline semiconductor layer is made of 
55 polysilicon. 

With the semiconductor device according to the first 
aspect of the present invention, the semioonductor con- 
nection region is made of the polycrystalline semicon- 
ductor doped with a dopant of the second conductivity 
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type. TTieref re. if the doping concentration of the 
dopant is suitably determined, th lectric resistance of 
the connection region can be reduced compared with 
the case where the connection region is made of the 
same single-crystal semiconductor. 5 

According to a second aspect of the present inven- 
tion, a fabrication method of a semiconductor device is 
provided, which includes the following steps. 

First a semicorxJuctor sutjstructure having a first 
semiconductor active region of a first conductivity type 10 
in its inside is prepared.' The first active region is 
exposed from a main surface of the substructure. 

A first insulating region is then formed on the main 
surface of the substructure to cover the first active 
region. The first insulating region has a first penetrating is 
window or opening which exposes the first active 
region. 

Subsequently, a semiconductor contact region of a 
second conductivity type is formed on the first insulating 
risgion. The contact region has a second penetrating 20 
window of opening whose size is smaller than that of the 
first window. The contact region has an overhanging 
part which overhangs the first opening. The second 
opening is defined by the inner end of the overhanging 
part to be entirely overlapped with the first opening. The 2s 
contact region is mane of a polycrystalline semiconduc- 
tor. 

A second semiconductor active region of the sec- 
ond conductivrty type is formed on the first active region 
to be contacted therewith in the first window. 30 

A semiconductor connection region of the second 
conductivity type is formed in the first window to sur- 
round the second active region. The connection reigion 
is oorrtacted with the overhanging part of the contact 
region and the second active region, thereby electrically 35 
interconnecting the second active region with the con- 
tact region. The connection region is made of a poly- 
crystalline semiconductor. 

In a preferred embodiment according to the second 
aspect, the semiconductor connection region includes 40 
first, second, third, and fourth polycrystalline semicon- 
ductor layers. The above step of forming the connection 
region include the following steps. 

The first polycrystalline semiconductor layer is 
selectively formed to be contacted with the first active 4S 
region and the fourth polycrystalline semiconductor 
layer to be contacted with the connection region. 

The second polycrystalline semiconductor layer is 
selectively formed to be contacted with the first poly- 
crystalline semiconductor layer and the second poly- so 
crystalline semiconductor layer to be contacted with the 
second polycrystalline semiconductor layer.. 

Preferably, the first, second, third, and fourth poly- 
crystalline semiconductor layers are formed to be 
arranged in a direction perpendicular to the main sur- ss 
face of tiie substructure. 

The first, second, third, and fourth polycrystalline 
semiconductor layers are preferably made of polysili- 
con. 
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In another preferred embodiment according to the 
second aspect, a step of forming a second insulating 
layer between the connection region and the first active 
region is performed. The connection region is contacted 
with tiie second insulating layer and is not contacted 
with tiie first active region. 

In still another preferred embodiment according to 
the second aspect, the semiconductor connection 
region includes first, second, and third polycrystalline 
semiconductor layers. The step of fomiing the semicon- 
ductor connection region includes the following steps. 

The first polycrystalline semiconductor layer is 
formed to be contacted witii the second active region. 

The third polycrystalline semicorxiuctor layer is 
formed to be contacted with tiie contact region. 

The second polycrystalline semiconductor layer is 
formed to be contacted witii the first and second poly- 
crystalline semicorKluctor layers. 

The first, second, and third polycrystalline semicon- 
ductor layers are preferably formed to be arranged in a 
direction parallel to the main surtace of the suk>struc- 
tijre. 

It is preferred tiiat the first and second polycrystal- 
line semiconductor layers are made of SiGe. and said 
tiiird polycrystalline semiconductor layer is made of 
polysllicon. 

With the fabrication method of the semiconductor 
device according to the second aspect, the semicon- 
ductor device according to the first aspect can be read- 
ily obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention stay be readily carried 
into effect, it will now t>e described with reference to the 
accompanying drawings. 

Rg. 1 is a cross-sectional view of a conventional 
semiconductor device. 

Figs, 2A to 2C are cross-sectional views of the con- 
ventional semiconductor device of Fig. 1 . which shows 
its fabrication process steps, respectively. 

Fig. 3 is a cross-sectional view of a semiconductor 
device according to a first embodiment of the invention. 

Figs. 4A to AT are cross-sectional views of the sem- 
iconductor device according to the first embodiment, 
which shows its fabrication process steps, respectively. 

Fig. 5 is a cross-sectional view of a semiconductor 
device according to a second enrixxJimerrt of the inven- 
tion. 

Rgs. 6A to 6L are cross-sectional views of the sem- 
iconductor device according to the second embodiment, 
which shows its fabrication process steps, respectively. 

Rg. 7 is an enlarged cross-sectional view of the 
semiconductor device according to the second embodi- 
ment, which corresponds to the state of Rg. 6J. 

Rg. 8 is an enlarged cross-sectional view of the 
semiconductor device according to tiie secorxl embodi- 
ment which corresponds to the state of Rg. 6K. 

Rg. 9 is an enlarged cross-sectional view of the 



4 



EP 0 768 716 A2 



semiconduct r device according to the second embodi- 
ment, which corresponds to the state of Fig. 6L. 

Fig. 10 is a cross-sectional view of a semiconductor 
device according to a third embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
be described below by referring to the drawings 
attached. 

FIRST EMBODIMENT 

A semiconductor device according to a first embod- 
iment of the invention Includes a plurality of npn-type 
bipolar transistors formed in corresponding device- 
forming regions. However, only one of the transistors is 
explained here for the sake of simplificatidn of descrip- 
tion. 

As shown in Rg. 3, the semiconductor device 
according to the first embodiment has a semiconductor 
substructure 100 at which an npn bipolar transistor is 
formed. This suk^structure 100 includes a p'-type single- 
crystal silicon suk>strate 1 whose resistivity is 10 to 15 
n • cm and whose surface orientation is (1 00). and an n' 
-type single-crystal silicon epitaxial layer formed on the 
main surface of the substrate 1 . 

The epitaxial layer is partitioned by a patterned iso- 
lation insulating^layer 4 made of Si02. thereby forming a 
device-forming region in which the bipolar transistor is 
formed. The isolation Si02 layer 4 is formed t)y using 
the LOCOS technique. 

The epitaxial layer is partitioned t)y the isolation 
Si02 layer 4 to thereby form an n'-type collector region 
3 and an n*-type collector connection region 5. An n"**- 
type burled region 2a is formed in the surface area of 
the sutDStrate 1 to laterally extend from the collector 
region 3 to the collector connection region 5. A p'^-type 
channel stop region 2b is formed in the surface area of 
the substrate 1 to extend along the isolation SiOg layer 
4. 

The surface of the semiconductor substructure 100 
is covered with a Si02 layer 6 having windows 101 and 
1 02. The window 1 01 is located over the collector region 
3 to partially expose the region 3. The window 102 is 
located over the collector connection region 5 to par- 
tially expose the region 5. 

A p^-type polysilicon layer 7 is selectively formed on 
the Si02 layer 6 in the vicinity of the window 101. The 
l^er 7 has an overhanging part which laterally over- 
hangs the window 101 . thereby forming a window 103 to 
be entirely overlapped with the underlying window 1 01 . 
The overhanging part has a ring-like plan shape to 
extend along the contour of the window 101. 

Within the window 101 of the Si02 layer 6. a p-type 
single-crystal silicon intrinsic base region 12a and a p^- 
type polysilicon layer 10 are formed on the exposed 
area of the collector region 3. A p^-type polysilicon 



extrinsic base region 12b is formed to be stacked on the 
p'^-type |30lysilicon layer 10. 

In other words, the extrinsic base region 12b and 
the polysilicon layer 10 have ring-like plan shapes and 

5 extend along the ring-tike overhanging part of the poly- 
silicon layer 7. The region 12b and the layer 10 exist 
with an outer part of the window 101 whose distance 
from the inner face of the Si02 layer 6 is equal to or less 
than a predetermined value. The intrinsic base region 

10 1 2a exists within an inner part of the window 1 01 whose 
distance from the inner lace of the Si02 layer 6 is 
greater than the predetermined value. The intrinsic 
base region 12a is surrounded by the polysilicon layer 
1 0 and the extrinsic base region 1 2b. 

15 A p*-type polysilicon layer 13 is formed on the p*- 
type extrinsic base region 12b to be stacked thereon. A 
p'^-type polysilicon layer 1 1 is formed on the p'^-type 
polysiltoon layer 13 to be overiapped therewith. 

An n*-type emitter region 16 is formed on the intrin- 

20 sic base region 12a. The region 1 6 is formed within the 
same single-crystal silicon layer constituting the intrinsic 
base region 12a through an impurity doping process 
into the single-crystal silicon layer. 

' A Si02 sidewall 14 and an n^-type polysilicon emit- 

25 ter contact 15 are formed on the emitter region 16. The 
emitter contact 15 is contacted with the emitter region 
16. The sidewali 14 is contacted with the emitter region 
16, the intrinsic base region 12a. the extrinsic base 
region 12b. and the polysilicon layers 13 and 11. The 

30 SiOa sidewall 14 has a ring-like plan shape to extend 
around the emitter contact 1 5. The sidewall 14 served to 
electrically insulate the emitter contact 15 from the poly- 
silicon layers 1 1 and 13. 

As shown in Fig. 3,. the intrinsic base region 12a 

35 has a plan size or area SI narrower than the plan size 
or area S2 of the window 101. This results in reduction 
of the contact area of the intrinsic base region 1 2a with 
the collector region 3 compared with the conventional 
one of Rg. 1. Also, the thickness of the region 12a is 

40 smaller than that of the Si02 layer 6. 

Within the window 102 of the Si02 layer 6. an n'-- 
type polysilicon collector contact region 8 is formed to fill 
the window 102. The contact region 8 is contacted with 
the underlying collector connection region 5. 

45 A Si3N4 layer 9 is formed on the polysilicon base 
contact region 7 to cover the region 7 itself and the 
exposed Si02 layer 6. The Si3N4 layer 9 covers not only 
the upper surface of the region 7 but also the inner edge 
of the overhanging part of the region 7. The Si3N4 layer 

so 9 has base, emitter, and collector windows. The top of 
the emitter contact 15 projects over the layer 9. 

A Si02 layer 17 is formed on ttie Si3N4 layer 9 to 
cover the layer 9 itself and the exposed emitter contact 
1 5. The Si02 layer 1 7 has base, emitter, and collector 

55 windows formed to be overlapped with the base, emit- 
ter, and collector windows of the Si3N4 layer 9. 

A base electrode 1 8b is formed on the Si02 layer 1 7 
to be contacted with the underlying polysilicon layer 7 
through the base windows of the Si3N4 layer 9 and the 
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SiOg layer 1 7. An emitter electrode 1 8a is formed on the 
Si02 layer 1 7 to be contacted with the underlying emit- 
ter contact 15 through the emitter window of th Si02 
lay r1 7. A collector electrode 18c is formed on the Si02 
layer 17 to be contacted with the underlying collector 
contact 8 through the collector windows of the Si02 
layer 1 7 and the Si3N4 layer 9. 

The above-described semiconductor device 
according to the first embodiment is fabricated by the 
following process sequence. 

First, a Si02 layer 21 with a thickness of 400 to 600 
nm is formed on the main surface of the p -type single- 
crystal silicon substrate 1 whose resistivity is 10 to 15 
n • cm and whose surface orientation is (100), as shown 
in Fig. 4A. This step is performed by a popular CVD or 
thermal oxidation process. 

A patterned photoresist film (not shown) is then 
formed on the 8162 layer 21 by a popular photolithogra- 
phy process. Using this patterned photoresist film as a 
mask, the layer 21 is selectively etched by an HF-sys- 
tem etching solution to thereby form an opening 21a 
exposing the underlying substrate 1 . 

A Si02 layer 22 with a thickness of 20 to 50 nm is 
selectively formed on the surface of the substrate 1 
within the opening 21a by a popular thermal oxidation 
process, as shown in Fig. 4B. ^ 

To form the n^-type buried region 2a in the sub- 
strate 1. arsenic (As) ions are selectively implanted into 
the substrate 1 through the opening 21a using the 
remaining Si02 layer 22 as a mask. This implantation 
process is preferably carried out under the condition 
that the acceleration energy is in the range from 50 kV 
to 1 20 kV. and the dose is in the range from 5 x 1 0^^ to 
2 X 10^^ atoms/cm^. The ion-implanted region is then 
subjected to a heat treatment process at a temperature 
f 1 000 to 1 150 ''C for the purpose of damage recovery 
of the implanted region and activation and drive-in of the 
implanted As ions. Thus, then n^-type collector buried 
region 2a is formed in the substrate 1 , as shown in Fig. 
4B. 

After the Si02 layer 22 and the remaining Si02 
layer 21 are removed, the p^-type channel stop region 
2b is formed in the substrate 1 so as to surround the col- 
lector buried region 2a, as shown in Fig. 4C. This step 
contains formation of a patterned photoresist film, ion- 
implantation, removal of the photoresist film, and heat- 
treatment of the implanted region, which may be per- 
formed in the see way as that in the formation of the bur- 
ied layer 2a. 

Subsequently, an n'-type single-crystal silicon epi- 
taxial layer 23 is formed on the main surface of the sub- 
strate 1 to cover the burled layer 2a and the channel 
stop region 2b by a popular epitaxial growth process, as 
shown in Fig. 4D. A preferable growth condition is that 
the growth temperature is 950 to 1050 °C, the source 
gas is SiH4 or SiH2Cl2t and the doping gas is PH3. The 
epitaxial layer 23 preferably has a thickness of 0.8 to 1 .3 
lixn and a doping concentration of 5 x 10''* to 2 x 10^^ 
atoms/cm^. 



For the purpose of device isolation, the patterned 
Si02 layer 4 is formed by using the known LOCOS tech- 
nique in the following way. 

A Si02 layer (not shown) with a thickness of 20 to 

5 50 nm is formed on the epitaxial layer 23 by a thermal 
oxidation process and then, a Si3N4 layer (not shown) 
with a thickness of 70 to 150 nm is formed on the Si02 
layer. A patterned photoresist film is formed on the 
Si3N4 layer, and then, the Si3N4 layer is selectively 

TO removed by a dry etching process, thereby patterning 
the Si3N4 layer to cover the device-forming region. After 
the photoresist film is removed, the epitaxial layer 3 and 
the substrate 1 are thermally oxidized using the pat- 
terned Si3N4 layer as a mask. Thus, the patterned Si02 

15 isolation layer 4 is obtained. 

The thickness of the isolation layer 4 is designed so 
that the bottom of the layer 4 extends to the channel 
stop region 2b. For example, a preferable thickness is 
700 to 1000 nm. 

20 The unnecessary, patterned Si3N4 layer is removed 
using a heated phosphoric ackl. Then, to reduce the 
collector resistance, the n^-type collector connection 
region 5 is formed in the epitaxial layer 3 by a diffusion 
or ion-implantation process. 

25 Through the above processes, the silicon substruc- 
ture 100 Is obtained, as shown in Rg. 4E. 

Following these processes, the Si02 layer 6 is 
formed on the epitaxial layer 3 to cover its entire 
exposed surface. It is preferred that the layer 6 has a 

30 thickness of 1 50 to 300 nm. Here, the thickness is set as 
200nm. The window 102 is then formed in the layer 6 to 
expose the underlying the collector connection region 5. 
The state at this stage is shown in Fig. 4F. ' 

A patterned polysilioon layer 24 is formed on the 

35 Si02 layer 6, as shown in Fig. 4G. It is preferred that the 
layer 24 has a thickness of 200 to 350 nm. Here, the 
thickness is set as 250nm. The layer 24 is contacted 
with the exposed collector connection region 5 through 
the window 1 02 of the Si02 layer 6. 

40 After a patterned photoresist film (not shown) is 
formed on the polysilicon layer 24. txsron (B) ions are 
selectively implanted Into a part of the polysilicon layer 
24 using the photoresist film as a masK thereby forming 
the p'^-type t>ase contact region 7. For example, the 

45 acceleration energy is set as 20 keV and the dose is set 
as 5 X 1 0^ ^ atoms/cm^. 

After this photoresist film is removed, another pat- 
terned photoresist film (not shown) is formed on the 
polysilicon layer 24. phosphorus (P) ions are selectively 

so implanted into another part of the polysilicon layer 24 
using the photoresist film as a mask, thereby forming 
the n'^-type collector contact region 8. For example, the 
acceleration energy is set as 50 keV and the dose is set 
as 1 x 10^^ atoms/cm^. The state at this stage is shown 

55 in Fig. 4H. 

Subsequently, a Sj3N4 layer 25 with a thickness of 
approximately 150 nm Is fbrmed to cover the polysilicon 
base and collector contact regions 7 and 8 over the 
entire substrate 1 by an LPCVD process. The thickness 
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of the layer 24 is preferably in the range from 100 to 200 
nm. 

A patterned photoresist film (not shown) having a 
window at the emitter-forming position is formed on the 
Si3N4 layer 25 by a popular photolithography process. 
Using this patterned photoresist film as a masK the 
Si3N4 layer 25 and the polysilicon base contact region 7 
are selectively and successively etched by anisotropic 
dry etching processes. Thus, the window 103 is formed 
in the base contact region 7, as shown in Fig. 41. 

Another Si3N4 layer (not shown) with a thickness of 
50 to 100 nm is formed on the remaining Si3N4 layer 25 
over the entire substrate 1 by an LPCVD process. This 
newly-formed Si3N4 layer is contacted with the exposed 
Si02 layer 6 and the side face of the base contact region 
7 within the window 103. 

The newly-formed Si3N4 layer is selectively etched 
at the bottom of the window 103 by an anisotropic dry 
etching process. As shown in Fig. 4J, the remaining 
SI3N4 layer 25 and the remaining, newly-formed Si3N4 
layer constitute the SI3N4 layer 9. The layer 9 covers the 
side face of the base contact region 7. within the win- 
dow 103. 

Further, using an etching solution containing hydro- 
gen fluoride (HF). the Si02 layer 6 is selectively etched 
by a wet etching process through the window 103. 
thereby forming the window 1 01 In the layer 6, as shown 
in Fig. 4K. The underlying collector region 3 is exposed 
through the window 101 . The wirxJows 101 is formed to 
be overlapped with the entire window 103. 

During this wet etching process, the Si02 layer 6 is 
etched vertically and laterally. Therefore, the window 
101 has a wider plan size or area than that of the win- 
dow 103. resulting in the overhanging part of the p^- 
type polysilicon t>ase contact region 7. as shown in Fig. 
4K. 

The length L of the overhanging part of the SiOa 
layer 6 may be smaller than the thickness T of the layer 
6. The length T is preferable in the range from 100 to 
250 nm. Here, T = 250 nm arxl L = 200 nm. 

Next, by a selective polysilicon growth process, an 
undoped polysilicon layer 10 is grown upward on the 
exposed surface of the n'^-type single-crystal silicon col- 
lector region 3. and at the same time, an undoped poly- 
silicon layer 11 is grown downward on the exposed 
lower surface or the overhanging part of the p^-type 
polysilicon base contact region 7 within the window 1 01 . 
The state at this stage is shown in Fig. 4L 

A preferred example of this selective polysilicon 
growth process is disclosed by T.Aoyama. et al., in the 
artrcle. Extended Abstract on solid State Devices and 
Materials, pp. 658 - 668, entitled "Selective Polysilicon 
Deposition (SPD) by Hot-Wall LPCVD and Its Applica- 
tion to High Speed Bipolar Devices**, which was pub- 
lished in 1990. 

Here, an LPCVD process is performed under the 
condition that SiH2Cl2 and HCI are supplied at tiie 
respective flow rates of 300 seem and 160 socm as the 
source gas. tiie growth pressure is set as 30 Torr. and 



tiie growtti temperature Is set as 800 ""C.The undoped 
polysilicon layers 10 and 1 1 have the same ttiickness of 
approximately 30 nm. 

A SiOa layer 19 and a Si3N4 layer 20 are succes- 

5 sively formed on the Si3N4 layer 9 by LPCVD proc- 
esses. These two layers 19 and 20 have the same 
ti^ickness of approximately several tens nanometers. At 
tiiis stage, as shown in Fig. 4M, the layers .19 and 20 
covers all the exposed areas witiiin the windows 101 

10 and 103. 

The Si3N4 layer 20 is selectively removed by an ani- 
sotropically dry etching process at the location right 
beneath the window 103, ther^y forming a window 20a 
in the layer 20. The underlying Si02 layer 1 9 is partially 

75 exposed through the window 20a, as shown in Rg. 4N. 
Using tiie etched Si3N4 layer 20 as a mask, the 
undoped polysilicon layer 1 0 is selectively oxidized in an 
oxkHzIng atmosphere lintij tiie corresponding part of the 
polysilicon layer 10 is completely oxidized to become 

20 Si02. As a result, as shown in Rg. 40. the Si02 layer 19 
and the Si02 layer generated by this oxidation process 
are combined with each other, thereby forming an 
expanded part 19a on the collector region 3 in the vicin- 
ity of the window 20a. 

2s Then, the $1304 layer 20 is removed by using a 
heated phosphoric ackJ. cmd tiie Si02 layer 19 is 
removed by using a HFsolution. successively. TTie state 
at this stage is shown in Fig. 4P. 

It is seen from Fig. 4P that the collector region 3 is 

30 partially exposed at the area conesponding to the 
expanded part 19a. and that the remaining undoped 
polysilicon layer 10 has a ring-like plan shape. 

Following this step, an epitaxial growtii process as 
in the above-described conventional mettiod is per- 

35 formed to thereby form the intrinsic base region 1 2a. the 
extrinsic base region 12b. and the polysilicon layer 13 
are simultaneously formed, as shown in Rg. 4Q. specif- 
ically, the p-type single-crystal silicon intrinsic t>ase 
region 12a is grown upward on the exposed collector 

40 region 3. The p-type polysilicon extrinsic base region 
12b is grown upward on the remaining ring-shaped 
polysilicon layer 10. The p-type polysilicon layer 13 is 
grown downward on the undoped polysilicon layer 11. 
This epitaxiar growth process is continued until the 

45 extrinsic base region 12b and the p-type polysilicon 
layer 13 are contacted with each other. 

As the epitaxial growth process, one of LPCVD, 
gas-source MBE or UHV-CVD processes may be used. 
Here, a UHV-CVD process is performed under the con- 

50 dition that the SigHg is supplied at a iiow rate of 3 seem 
as the source gas. and the growtii temperature is set as 
605 -C. 

Subsequentiy, a heat freatment process is per- 
formed to heavily dope a p-type impurity into the polysil- 
55 icon layers 11, 13 and 12b within the window 101. 
Specifically, tiie p'*'-type base contact region 7 is heavily 
doped with boron atoms and therefore, the boron atom 
doped into the region 7 are diffused downward, tiiereby 
entering the underiying polysilicon layers 11. 13 and 
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12b. Thus, the polysilicon layers 11, 13 and 12b are 
heavily doped with boron atoms, resulting In the p'^-type 
polysilicon layers. 

This heat treatment process is preferably per- 
formed under the cor^dition that the heating temperature 
is 800 ""C and the heating tim is 10 minutes. 

Typically, the diffusion coefficient (i.e.. diffusion 
speed) within a polysilicon material is greater than that 
within a single-crystal silicon material. Therefore, the 
polysilicon layers can be doped with the boron atoms at 
a satisfectorily high level due to this heat treatment 
process. 

There is a possibility that the polysilicon layer 10 
also is doped with the boron atoms during this heat 
treatment process. However, this doping will cause no 
problem relating the performance of the bipolar transis- 
tor. 

During this heat treatment process, the boron 
atoms diffuse into the surface area of the collector 
region 3. which results in some increase of the effective 
thickness of the intrinsic base region 12a. However, 
such the thickness increase of the region 12a is not 
shown in Fig. 4Q for the sake of simplification. 

Further, a Si02 layer 14 is formed on the Si3N4 
layer 9 by an LPCVD process and then, the layer 14 is 
selectively removed by an anisotropically etching proc- 
ess, thereby forming the Si02 sidewall 14 having a ring- 
like plan shape, as shown in Fig. 4R. The k}Ottom face of 
the sidewall 14 is contacted with the intrinsic base 
region 12a and the extrinsic base region 12b. The outer 
side face of the sidewall 14 is contacted with the polysil- 
icon layer 1 1 and 13, and the Si3N4 layer 9. The under- 
lying intrinsic base region 12a is exposed at the center 
of the sidewall 14. 

An undoped polysilicon layer (not shown) is formed 
n the Si3N4 layer 9 to k)e contacted with the sidewall 1 4 
by an LPCVD process. The polysilicon layer is then 
doped with arsenic atoms by an ion-implantation proc- 
ess to reduce its resistivity. The thickness of this polysil- 
icon layer is preferably in the range from 150 to 300 nm. 
The ion implantation process is preferably performed 
under the condition that the acceleration energy is set 
as 70 to 100 HeV to avoid penetration of the arsenic ions 
and that the dose is set as 5 x 10**^ to 2 x 10^^ 
atoms/cm^. 

The arsenic-doped polysilicon layer is then pat- 
terned by photolithography and dry etching processes, 
thereby forming the emitter contact 15. as shown in Fig. 
4S. The emitter contact 15 is electrically isolated from 
the polysilicon layers 1 1 and 13 by the Si02 sidewall 14. 
The bottom of the contact 15 is contacted with the 
exposed intrinsic base region 12a. 

To form the n-type emitter region 16, a heat treat- 
ment process is performed. Due to this heat treatment 
process, the arsenic atoms doped into the emitter con- 
tact 15 are diffused into the surface area of the p-type 
intrinsic base region 1 2a through their contact area. The 
conductivity type of the arsenic-doped region is 
changed to n-type, resulting in the n-type emitter region 



made of single-crystal silicon, as shown in Rg. 4T. 

Further, the Si02 layer 17 is formed to cov r the 
' Si3N4 layer 9 and the emitter contact 1 5. The Si02 layer 
17 and the underlying Si3N4 layer 9 are patterned to 

5 hav the base, emitter, and collector openings at spe- 
cific locations, respectively. 

An aluminum (Al) alloy layer is formed on the pat- 
terned Si02 layer 17 by a sputtering process. The Al- 
alloy layer is patterned by photolithography and aniso- 

10 tropically dry etching processes to thereby form the 
emitter. t>ase, and collector electrodes 18a, 18b. and 
18c. The emitter electrode 18a is contacted with the 
emitter contact 15 through the emitter opening. The 
base electrode 18b is contacted with the base contact 7 

75 through the base opening. The collector electrode 18c 
is contacted with the collector contact 8 through the col- 
lector opening. 

Through the above processes, the semiconductor 
device including the bipolar transistor as shown in Rg. 3 

20 is fabricated. 

With the semiconductor device according to the first 
embodiment of Fig. 3, the extrinsic base region 12b and 
the polysilicon layers 13 and 11 serving as the base 
connection region are located between the intrinsic 

25 base region 1 2a and the base contact region 7. In other 
words, the intrinsic base region 12a and the base con- 
tact region 7 are electrically connected with each other 
through the combination of the extrinsic base region 
1 2b and the polysilicon layers 1 3 and 11. 

30 The extrinsic base region 1 2b is made of the boron- 
doped polysilicon and the doping concentration of the 
boron atoms is determined so that the region 12b is 
lower in electric resistance than the case where it is 
made of single-crystal silicon. 

35 As a result the base resistanciB. which is defined as 
the sum of the electric resistance values of the combi- 
nation of the extrinsic base region 12b and the polysili- 
con layers 13 and 11, can be reduced contpared with 
the above-described conventional semiconductor 

40 device of Fig. 1. 

It is needless to say that if the doping concentra- 
tions are equal, a polysilicon layer is higher in electric 
resistance than a single-crystal silicon layer. However, 
in the first embodiment, the polysilicon extrinsic base 

46 region 12b is heavily doped with boron during a heat 
treatment after its growth process. The doping concen- 
tration of the extrinsic base region 12b after the heat 
treatment is greater than that in its growth process by 
appr(»dmately one order and consequently, the region 

so 12b enat3les the base resistance reduction and high- 
speed operation of the bipolar transistor. 

Since the value of the base resistance varies 
dependent upon its dimension, the comparison of the 
value itself is meaningless. Roughly speaking, the base 

55 resistance is equal to the sum resistance of three parts; 
i.e.. (a) intrinsic base region, (b) base contact region, 
and (c) base connection region between the intrinsic 
base region and tiie base contact region; and the resist- 
ance values of the three parts are approximately equal. 
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The maximum oscillation frequency f^ax 
bipolar transistor is inversely proportional t the squar 
root of the base resistance Rb- Therefore, when the 
base resistance Rb of the semiconductor device 
according to the first embodiment is compared with the s 
conventional one shown in Rg. 1 using the maximum 
oscillation frequency f^ax. device of the first emlxxl- 
Iment has an increased f^ax of 46 GHz greater than 40 
GHz for the conventional one. 

SECOND EMBODIMENT 

Fig. 5 shows a semiconductor device according to a 
second embodiment of the invention. 

The second embodiment includes the same struc- 
ture and method as those of the first embodiment and 
therefore, the description relating to the same structure 
and method is omitted here by adding the same refer- 
ence numerals to the corresporxfing elements for the 
sake of simplification of description. 

As shown in Rg. 5, the surface of the silicon sub- 
structure 100 is covered with a three-layer insulating 
structure 30 nriade of a SiOa layer 31 located at a low 
level, a Si3N4 layer 32 located at a middle level, and a 
SiOs layer 33 located at a high level. 

The window 102 vertically penetrates the three- 
layer Insulating structure 30 to expose the collector con- 
nection region 5. Instead of the window 101 of the SiOg 
layer 6 in the first embodiment, a window 301 is formed 
in the Si02 layer 33. a window 302 is formed in the 
Si3N4 layer 32. and a window 303 is formed in the SiOa 
layer 31 . The upper-level window 301 is the largest, the 
middle-level window 302 is the smallest, and the lower- 
level window 303 Is middle in size of the three windows 
301, 302 and 303. These three windows 301. 302 and 
303 are overlapped with each other to expose the 
underlying collector region 3 from the three-layer Insu- 
lating structure 30. 

The p*-type polysilicon base contact region 7 is 
contacted with the Si02 layer 33. The overhanging part 
or the base contact region 7 overhangs the upper-level 
window 301 of the Si02 layer 33. 

A p'^'-type polysilicon layer 34 having a ring-like plan 
shape is formed within the window 301 between the 
polysilicon base contact 7 and the Si3N4 layer 32. The 
top and bottom of the layer 34 are contacted with the 
base contact 7 and the layer 32, respectively, and the 
outer side face of the layer 34 is contacted with the SiO^ 
layer 33. 

A p-type single-crystal SiGe layer 35 is formed on 
the exposed collector region 3 within the window 303. 
The periphery of the layer 35 is corrtacted with the Si02 
layer 31 and the Si3N4 layer 32. The top lace of the layer 
35 is near the middle level of the thickness of the layer 
32. 

A p-type single-crystal SiGe extrinsic base region 
37 is formed on the p-type single-crystal SiGe layer 35. 
The top of the layer 37 is within the upper window 301. 
The layer 37 is smaller in plan size than the layer 35. 



A p*-type polycrystalline SiGe layer 36 having a 
thin, ring-like plan shape is formed to be contacted with 
the p'*'-type polysilicon layer 34 within the. windows 301 
and 302. The SiGe layer 36 extends, along the ring- 
shaped polysilicon layer 34 and surrounds the intrinsic 
base region 37. 

A p-type polycrystalline SiGe layer 38 having a thin, 
ring-like plan shape Is formed to be contacted with the 
SiGe layer 36 within the windows 301 and 302. the 
SiGe layer 38 extends along the ring-shaped polysilicon 
layer 34 and surrounds the intrinsic t>ase region 37. 

The SiGe layers 36 and 38 are located beneath the 
Si3N4 layer 9. The kx)ttoms of the layers 36 and 38 are 
contacted with the SiGe intrinsic base region 37. The 
inner end of the polysilicon layer 34, which laterally 
projects into the window 301, is located beneath the 
Si3N4 layer 9. 

Anj i^type single-crystal silicon emitter region 39 i s 
formed on the intrinsic base region 37. The emitter con- 
tact region 15 is formed to on the emitter region 39 to be 
contacted therewith. 

The ring-like Si02 sidewall 14 is formed on the 
intrinsic base region 37 to extend along the ring-shaped 
polysilicon layer 34. The sidewall 14 electrically insu- 
lates the emitter region 39 and the emitter contact 15 
from the p-type polycrystaliine SiGe layer 38. 

Here, the SiGe layer 35 is of p-type. However, the 
layer 35 may be of p- or n-type. When the layer 35 is of 
n-type. it serves as an additional part of the n -type col- 
lector region 3. When the layer 35 is of p-type. it serves 
as an additional part of the p-type intrinsic base region 
37. 

As shown in Fig. 5, the SiGe layer 35 serving as a 
part of the intrinsk: base region has a plan size or area 
SI narrower than the plan size or area S2 of the window 
301 . This results in reduction of the contact area of the 
SiGe layer 35 with the collector region 3 conpared with 
the conventional one of Fig, 1 . The thickness off the layer 
35 is smaller than the sum thickness of the Si02 layer 
31 . the Si3N4 layer 32, and the Si02 layer 33. 

In the second emk)Odiment. "SiGe". which means 
Ge-doped Si material, is used. Therefore, an electric 
field is generated within a SiGe layer by changing its Ge 
concentration and as a result, carriers in the SIGe layer 
can be accelerated due to the electric f iekJ. This leads to 
high-speed operation. 

The atxTve-described semiconductor device 
according to the second embodiment is fabricated by 
the following process sequence. 

Rrst the silicon substructure 100 as shown in Fig. 
6A is formed in the same way as that of the first emkxxi- 
iment. 

Next, the Si02 layer 31 with a thickness of 1 5 nm is 
formed on the epitaxial layer to cover its entire exposed 
surface by a thermal oxidation or CVD process. Prefer- 
ably, the layer 31 has a thickness of 10 to 50 nm. 

The Si3N4 layer 32 with a thickness of 15 nm is 
formed on the Si02 layer 31 by a LPCVD process. Pref- 
erably, the layer 32 has a thickness of 10 to 50 nm. 
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It is preferred that the sum of the thickness of the 
Si02 and Si3N4 layers 31 and 32 is approximately equal 
to the thickness of an undoped SiGe layer 35 which will 
be formed In a subsequent step. 

The SiOg layer 33 with a thickness of 120 nm is 
formed on the Si3N4 layer 32 by a C VD process. Prefer- 
ably, the layer 33 has a thickness of 70 to 150 nm. The 
state at this stage is shown in Fig. SB. 

Subsequently, in the same way as that of the first 
embodiment, the polysllicon base contact 7 and the 
polysilicon collector contact 8 are formed on the SiOa 
layer 33. The 8)3 N4 layer 25 Is formed to cover the con- 
tacts 7 and 8 and the exposed Si02 layer 33. The win- 
dow 103 is formed in the base contact 7 by 
photolithography and dry etching processes. The state 
at this stage is shown in Fig. 6C. 

Further, in the same way as that of the first embod- 
iment, the Si3N4 layer 9 is formed to cover the contacts 
7 and 8 and the exposed SIO2 layer 33. The layer 9 is 
then etched back to expose the underlying layer 33 at 
the lx)ttom of the window 103. The layer 9 covers the 
side face of the t>ase contact region 7 within the window 
103. The state at this stage is shown in Fig. 6D. 

Subsequently, using an HF-containing etching solu- 
tion, the SiOa layer 33 Is selectively etched by a wet 
etching process through the window 103, thereby form- 
ing the window 301 in the layer 33, as shown in Fig. BE. 
The underlying SI3N4 layer 32 is exposed through the 
window 301 . 

During this wet etching process, the Si02 layer 33 is 
etched vertically and laterally so that the overhanging 
part of the p*-type polysilicon base contact region 7 is 
formed, as shown in Fig. 6E. 

It Is not necessary that the length L of the overhang- 
ing part of the Si02 layer 33 is equal to or greater than 
the thickness T of the layer 33. The length T is prefera- 
ble in the range from 100 to 250 nm. Here, T » 250 nm 
and L = 200 nm. 

During this wet etching process, the underlying 
Si3N4 layers 32 and 9 are scarcely affected by the etch- 
ing action and therefore, their configuration is kept 
almost unchanged. 

Next, in the same way as that of the first enrtbodi- 
ment, an undoped polysilicon layer 10 is grown by an 
LPCVD process. Instead of the LPCVD process, a gas- 
source MBE or UHV-CVD process may be used. During 
this growth process, an undoped polysilicon layer is 
selectively grown downward on the lower face of the 
overhanging part of the base contact region 7 within the 
window 301 until it is contacted with the Si3N4 layer 32. 
Thus, the undoped polysilicon layer 34 having a ring-like 
plan shape is formed along the overhanging part, as 
shown in Fig. 6F. 

To diffuse the impurity (i.e., boron atoms) contained 
in the p*-type polysilicon base contact 7 into the 
undoped polysilicon layer 34, a heat.treatment process 
is then performed. As a result, the corxluctlvlty type of 
the polysilicon layer 34 is changed to p^-type. The state 
at this stage is shown in Fig. 6F. 



This heat treatment process is, for example, carried 
out at a temperature of 900 ""C for 30 minutes. 

Further, to selectively remove the Si3N4 layer 32 at 
its exposed area, the entire sut^structure 100 in the 
s state or Fig. 6F is dipped into a heated phosphoric acid. 
As a result, the exposed area of the layer 32 is etched to 
form the window 302, as shown in Fig. 6G. 

During this wet etching process, the Si3N4 layer 9 
also is etched, resulting in thickness reduction. How- 
w ever, this causes no problem if the layer 9 Is formed to 
have an extra thickness during the prior formation proc- 
ess. The thickness reduction is ignored in Rg. 6G. 

Subsequently, using an HF-containing etching solu- 
tion, the Si02 layer 31 is selectively etched by a wet 
75 etching process through the windows 301 and 302, 
thereby forming the window 303 in the layer 31, as 
shown in Fig. 6H. The underlying collector region 3 is 
exposed through the window 303. 

During this wet etching process, it is preferred that 
20 the removal area or amount of the Si02 layer 31 is set 
as few as possible. The reason Is that the collector-base 
capacitance varies proportional to the etched area of 
the layer 31 , resulting in a low capacitance value. 

Next, the undoped single-crystal SiGe layer 35 is 
25 grown upward on the exposed coileclor region 3 within 
the windows 303 and 302 by a selective epitaxial growtii 
process, as shown In Fig. 61. The growth condition is, for 
example, that the growth temperature is 605 ""C, Si2He 
is supplied at a flow rate of 3 seem as the source gas. 
30 GeH4 is supplied at a flow rate of 2 seem as the dopant 
gas in a UHV atmosphere. 

Here, the Ge concentration of the SiGe layer 35 is 
approximately 10%. The growth process is continued 
until the layer 35 is contacted witii the Si3N4 layer 32. 
35 Even if some facets are generated during this process, 
any problem will practically avoided because of the con- 
tact of the SiGe layer 35 with the Si3N4 layer 32. 

It is preferred that the tiiickness of the SiGe layer 35 
is approximately equal to the sum thickness of the Si02 
40 layer 31 and Si3N4 layer 32. Here, the layer 35 has a 
tiiickness of approximately 25 nm. 

It is needless to say tiiat the thickness of the SiGe 
layer 35 can be increased while avoiding any crystal 
defects. 

45 Simultaneous with the growth of the SiGe layer 35. 
the undoped potycrystalltne SiGe layer 36 is laterally 
grown on the inner side face of the p'^-type polysilicon 
layer 34. as shown in Fig. 61. 

To diffuse the impurity (i.e., boron atoms) contained 

so in the p-type polysilkx)n layer 34 into the undoped SiGe 
layer 36. a heat treatment process is then performed. As 
a result, the conductivity type of the undoped polycrys- 
talline SiGe layer 36 is changed to p'^-type. The 
undoped single-crystal SiGe layer 35 is not doped wrtti 

55 the boron atoms during this heat treatment process. 
The state at this stage is shown in Fig. 61. 

This heat treatment process is, for example, carried 
out at a temperature of 900 for 30 minutes. 

Next, the Intrinsic base region 37 is formed on the 
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undoped single-crystal SiGe layer 35 within the win- 
dows 301 and 302 by a selective epitaxial growth proc- 
ess. As shown in Fig. 7, the intrinsic base region 37 has 
a two-layer structure including lower and upper layers 
37a and 37b. The lower layer 37a is made of a p*-type 5 
single-crystal SiGe, and the upper layer 37b is made of 
a p-type single-crystal silicon (Si). The lower SiGe layer 
37a has a graded impurity profile with respect to the 
thickness. 

For example, the lower SIGe layer 37a has a thick- 
ness of 40 nm. TTie upper Si layer 37b has a thickness 
of 30 nm. The layer 37a has a doping concentration of 
Ge which linearly deaeases from 10 % at the bottom to 
0 % at the top as a function of the thickness level of the 
layer 37a. The two layers 37a and 37b have the same 
doping concentration of boron equal to 5 x 10^^ 
atoms/cm^. 

During the growth process of the intrinsic base 
region 37. as shown in Figs. 6J and 7. the p-type poly- 
crystalline SiGe layer 38 is laterally grown on the SiGe 
layer 36 within the window 301 . The SiGe layer 38 con- 
tains germanium (Ge) and boron (B) as the dopant cor- 
responding to the dopant for the intrinsic base region 
37. 

The growth condition for region 37 is, for example, 
that the growth temperature is 605 "^C, Si2H6 is supplied 
at a f tow rate of 3 seem as the source gas. GeH4 and 
B2H6 are sipplied at a flow rate of 2 seem as the dopant 
gas in a UHV atmosphere. 

Following this step, the Si02 layer 14 is formed on 
the SI3N4 layer 9 by an LPCVD process and then, the 
layer 14 is selectively removed by an anisotropically 
etching process, thereby forming the Si02 sidewall 14, 
as shown in Figs. 6K and 8. The bottom face of the side- 
wall 14 is contacted with the intrinsic base region 37. 
The outer side face of the sidewall 14 is contacted with 
the SiGe layer 38. The intrinsic Ijase region 37 is 
exposed within the ring-shaped sidewall 14. 

Further, the n-type single-crystal silicon emitter 
region 39 is grown on the exposed intrinsic base region 
37 within the opening of the sidewall 1 4. 

An undoped polysilicon layer is formed on the Si3N4 
layer 9 to be contacted with the sidewall 14 by an 
LPCVD process. This polysilicon layer is contacted wish 
the emitter region 39. The polysilicon layer is then 
doped with arsenic atoms by an ion-implantation proc- 
ess to reduce its resistivity. The ion implantation proc- 
ess is preferably performed with the acceleration energy 
of 70 keV at the dose of 1 x 10^^ atoms/cm^. 

The arsenic atoms may be doped into the undoped 
polysilicon layer simultaneously with its formation proc- 
ess. 

The arsenic-doped polysilicon layer is then pat- 
terned by photolithography and dry etching processes, 
thereby forming the emitter contact 15, as shown in Fig. 
6L The emitter contact 15 is electrically isolated frog 
the SiGe layers 16 and 18 by the Si02 skJewall 14. The 
bottom of the contact 15 is contacted with the exposed 
Intrinsic base region 37. 



Further, in the same way as that of the first emt)od- 
iment, the mitter, base, and collector electrodes 18a, 
18b, and 18c are formed. 

Through the above processes, the semiconductor 
device according to the second embodiment as shown 
in Fig. 5 is fabricated, 

With the semiconductor device according to the 
second embodiment of Fig. 5. the p-type polycrystalline 
SiGe layer 38 and the SiGe layer 36 are located 
between the intrinsic base region 39 and the base con- 
tact region 7. In other words, the intrinsic base region 39 
and the base contact region 7 are electrically connected 
with each other through the combination of the p-type 
polycrystalline SiGe layers 38 and 36. 

The layers 38 and 36 are made of the p-type poly- 
crystalline SiGe and the doping concentration of the 
boron atoms is determined so that the layers 38 and 36 
are lower in electric resistance than the case where it is 
made of single-crystal silicon. 

As a result, the same advantages or effects as 
those in the first emtxxiiment can be obtained. 

The semiconductor device according to the second 
embodiment has an additional advantage that the 
number of the necessary fabrication process steps is 
less than that of the first embodiment. 

The semiconductor device according to the second 
emtxxiiment has another additional advantage that the 
parasitic capacitance can be reduced compared with 
the first emtxxJiment even if the thickness of the intrinsic 
base region is the same. The reason is that the distance 
between the polysilicon base contact and the intrinsic 
k>ase region can be set longer than that of the first 
embodiment. 

THIRD EMBODIMENT 

Rg. 1 0 shows a semiconductor device according to 
a third emtxxiiment of the invention. 

The third emtxxiiment has the same structure and 
method as those of the second embodiment except for 
an emitter region 39A is formed by the diffusion of the 
dopant contained in the emitter contact 15 into the 
intrinsic base region 37. Therefore, no detailed descrip- 
tion is provided here by adding the same reference 
numerals to the corresponding elements for the sake of 
simplification of description. 

While the prefenred forms of the present invention 
have been described, it is to be understood that modifi- 
cations will be apparent to those skilled in the art with- 
out departing from the spirit of the invention. The scope 
of the invention, therefore, is to be determined solely by 
the following claims. 

Claims 

1 . A semiconductor device comprising; 

(a) a semiconductor substructure having a first 
senrvconductor active region of a first conduc- 
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tivity type in its inside: 

said first active region being exposed from 
a main surface of said sut>structure; 

5 

(b) a first insulating layer formed on said main 
surface of said substructure to cover said first 
active region; 

said first insulating layer having a first pen- io 
etrating window which exposes said first 
active region; 

(c) a semiconductor contact region of a second 
conductivity type opposite in polarity to said 75 
first conductivity type; 

said contact region being formed on said 
first insulating layer; 

said contact region having a second win- 20 
dow whose size is smaller than that of said 
first window; 

said contact region having an overhanging 
part which overhangs said first window; 
said second window being defined by the 2S 
inner end of said overhanging part to be 
entirely overlapped with said first wirvlow; 
said contact region being made of a poly- 
crystalline semicorKluctor; 

30 

(d) a second semiconductor active region of 
said second conductivity type formed on said 
first active region to be contacted therewith in 
said first window; 

(e) a semiconductor connection region of said 35 
second conductivity type formed in said first 
opening to surrourxl said second active region; 

said connection region being contacted 
with said overhanging part of said contact 40 
region and said second active region, 
tiiereby electrically interconnecting said 
second active region witii said contact 
region; and 

said connection region being made of a 45 
polycrystalline semiconductor. 

2. A semiconductor device as claimed in claim 1, 
wherein said connection region is contacted with 
said first active region; so 

and wherein a contact area of said first and 
second active regions is narrower than the area of 
said first window. 

3. A semiconductor device as claimed in claim 1. ss 
wherein said semiconductor connection region 
includes first second, tiiird, and fourth polycrystal- 
line semiconductor layers; 

and wherein said first polycrystalline semi- 



conductor layer is contacted with said first active 
region, said fourtii polycrystalline semiconductor 
layer is contacted with said contact region, and said 
second and third polyaystalline s miconductor lay- 
ers are contacted with said first and fourth polyays- 
talline semiconductor layers, respectively. 

4. A semiconductor device as claimed in claim 3, 
wherein said first, second, tiiird. and fourth poly- 
crystalline semiconductor layers are arranged in a 
direction perpendicular to said main surface of said 
substructure. 

5. A semiconductor device as claimed in claim 4, 
wherein said first, secorxl, tiiird, and fourth poly- 
crystalline semiconductor layers are made of poly- 
silicon. 

6. A semiconductor device as claimed in claim 1 . fur- 
ther comprising a second insulating layer between 
said connection region and said first active region; 

wherein said connection region is contacted 
with said second insulating layer and is not con- 
tacted with said first active region. 

7. A semiconductor device as claimed in deum 6. 
wherein said semiconductor connectioh region 
includes first, second, and third polycrystalline 
semiconductor layers; 

and wherein said first polycrystalline semi- 
conductor layer is contacted witii said second 
active region, said third polycrystalline semiconduc- 
tor layer is contacted with said contact region, and 
said second polycrystalline senrticonductor layer is 
contacted with said first and secorKi polycrystalline 
semiconductor layers. 

8. A semiconductor device as claimed in daim 7, 
wherein said first, second, and third polycrystalline 
semiconductor layers are arranged in a direction 
parallel to said main surfece of said substructure. 

9. A semiconductor device as claimed in claim 8. 
wherein said first and second polycrystalline semi- 
conductor layers are made of SiGe, and said third 
polycrystalline semiconductor layer is made of poly- 
silicon. 

10. A fabrication method of a semiconductor device 
comprising: 

(a) preparing a semiconductor suk)structure 
having a first semiconductor active region of a 
first corxiuctivity type in its inside; 

said first active region being exposed from 
a main surface of said substructure; 

(b) fbrming a first insulating region on said main 
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surface of said substructure to cover said first 
active r gl n; 

said first insulating region having a first 
penetrating window which exposes said s 
first activ region; 

(c) forming a semiconductor contact region of a 
second conductivity type opposite in polarity to 
said first conductivity type on said first insulat- io 
ing region; 

• said contact region having a second win- 
dow whose size is smaller than that of said 
first window; 75 
said contact region having an overhanging 
part which overhangs said first opening; 
said second opening being defined by the 
inner end of said overhanging part to be 
entirely overlapped with said first opening; 20 
said contact region being made of a poly- 
crystalline semiconductor: 

(d) forming a second semiconductor active 
region of said second conductivity type on said 2s 
first active region to be contacted therewith in 
said first window; 

(e) forming a semiconductor connection region 

of said second conductivity type in said first 30 
window to surround said second active region; 
and 

said connection region being contacted 
with said overhanging part of said contact 35 
region and said second active region, 
thereby electrically interconnecting said 
second active region with said contact 
region; 

said connection region being made of a 40 
polycrystalline semiconductor. 

11. A method as claimed in daim 10, wherein said 
semiconductor connection region includes first, 
second, third, and fourth polycrystalline semicon- 4S 
ductor layers; 

and wherein said step (e) comprises: 

a step of selectively forming said first polycrys- 
talline semiconductor layer to be contacted with so 
said first active region and said fourth polycrys- 
talline semiconductor layer to be contacted with 
said connection region; and 
a step of selectively forming said second poly> 
crystalline semiconductor layer to be contacted ss 
with said first polycrystalline semiconductor 
layer and said second polycrystalline semicon- 
ductor layer to be contacted with said second 
polycrystalline semiconductor layer. 



12. A method as claimed in claim 1 1 . wherein said first, 
second, third, and fourth polycrystalline semicon- 
ductor layers are formed to be arranged in a direc- 
tion perpendicular to said main surface of said 
substructure. 

13. A method as claimed in claim 1 2, wherein said first, 
second, third, and fourth polycrystalline semicon- 
ductor layers are made of polysilicon. 

14. A method as claimed in claim 10. further compris- 
ing a step of forming a second insulating layer 
between said connection region and said first active 
region; 

wherein said connection region is contacted 
with said second insulating layer and is not con- 
tacted with said first active region. 

1& A method as claimed in daim 10. wherein said 
semiconductor connection region indudes first, 
second, and third polycrystalline semiconductor 
layers; 

and wherein said step (e) oorrprises: 

a step of forming said first polycrystalline sem- 
iconductor layer to be contacted with said sec- 
. ond active region; 
a step of forming said third polycrystalline sem- 
iconductor layer to be contacted with said con- 
tact region; and 

a step of forming said second polycrystalline 
semiconductor layer to be contacted with said 
first and second polycrystalline senriiconductor 
layers. 

16. A method as claimed in claim 15. wherein said first, 
second, and third polycrystalline semiconductor 
layers are formed to be arranged in a direction par- 
allel to said main surface of said sut^structure. 

17. A method as claimed in claim 15. wherein said first 
and second polycrystalline semiconductor layers 
are made of SiGe, and said third polycrystalline 
semiconductor layer is made of polysilicon. 



13 



EP0 768 716 A2 




14 



EP 0 768 716 A2 



1006 



^^^^ 1007 
^ 1103'^^/ 



FIG.2A 1006 

PRIOR ART 1004 




1102 
1009 

1006 
1004 
-1005 



1003 



1001 



1004 



1002 



1009 
1007 

FIG.2B iooer^ 

PRIOR ART 1004 



1007 1006 
1020 [ 1020 




1009 
1006 
1004 



1005 



1003 



1002 



1007 



1007- 

FIG.2C 1006- 
pRioR Am- ^004- 




1019 



1003 



1002 1001 1005 



15 



EP 0 768 716 A2 




16 



EP 0 768 716 A2 



FIG . 4A 




FIG . 4B 




FIG . 4C 




FIG.4D 




17 



EP 0 768 716 A2 



4 




18 



EP 0 768 716 A2 




19 



EP0768 716 A2 



103 7 




20 



EP 0 768 716 A2 




13 11 



FIG.4Q 




21 



EP0 768 716 A2 




22 



EP 0 768 716 A2 




24 



EP 0 768 716 A2 




25 



EP0768 716A2 




2a 



26 



EP0 768 716 A2 




27 



EP0 768 716A2 



FIG . 7 




37 37a 35 



FIG. 8 




35 37a 3 



28 




EP0 768 716 A2 



FIG. 9 
14 15 




29 




EP 0 768 716 A2 




30 



